Abstract New multi-color light curves of the very short period K-type eclipsing binary V1799 Ori were obtained and analyzed with the W-D code. The photometric solutions reveal that the system is a W-type shallow-contact binary with a mass ratio of q = 1.335(±0.005) and a degree of contact about f = 3.5(±1.1)%. In general, the results are in good agreement with which is reported by Samec. The remarkable O'Connell effects in the light curves are well explained by employing star spots on the binary surface, which confirms that the system is active at present. Several new times of light minimum were obtained. All the available times of light minimum were collected, along with the recalculated and new obtained. Applying a least-squares method to the constructed O-C diagram, a new ephemeris was derived for V1799 Ori. The orbital period is found to show a continuous weak increase at a rate of 1.8(±0.6) × 10 −8 days·yr −1 . The extremeshallow contact, together with the period increase, suggests that the binary may be at a critical stage predicted by the TRO theory.
INTRODUCTION
The K-type short-period contact binaries, especially those with periods shorter than 0.3 days, are most probably main-sequence objects and mostly convective (Bradstreet 1985) . They belong to W UMa type binaries which both components share common envelope that lying between the inner and outer critical Roche-lobe surfaces. W UMa type binaries have been divided into two sub-groups: A-type and W-type according to Binnendijk (1970) . Generally speaking, the A-type systems are more likely to have earlier spectral type than the W-type systems (Rucinski 1974) . So it is supposed that a large amount of K-type short-period contact binaries may be W-type systems. The majority of W-type contact binaries show shallow contact characteristics (Zhu et al. 2010; He 2009 PhD) . Therefore, they are good targets for testing the thermal relaxation oscillation theory (TRO theory; eg., Lucy 1976; Flannery 1976; Robertson & Eggleton 1977) V1799 Orion, or V1799 Ori (=GSC 00096-00175, α 2000.0 = 04 h 47 m 18 s .19 and δ 2000.0 = +06
• 40 ′ 56 ′′ .1) is a very short period (with period shorter than 0.3 days) eclipsing binary. It was first suspected to show variability by Hanley & Shapley (1940) (the cross identification is HV 10397). However, it had been neglected for a long time until ROSTE survey (Akerlof et al. 2000) rediscovered it to be a eclipsing binary with EW type light curves (Khruslove 2006) (the cross identification is NSV 1719).
The following ephemeris was reported (Khruslove 2006):
It was then monitored many times by several researchers such as Diethelm (2009 Diethelm ( , 2010 and Nelson (2010) . Recently, The O-C gateway (http://var.astro.cz/ocgate/) gave out a more exact ephemeris,
The first photometric analysis of V1799 Ori was given by Samec et al. (2010) as a student/professional collaborative program. Their photometric solutions depicted V1799 Ori as a W-type, extremely shallow-contact, eclipsing binary. The degree of contact factor 3 % is rather exceptional. Their solutions uncovered two hot spots on the components, which indicates the system is quite active at present.
In this paper, we present the analysis of newly obtained complete CCD light curves and compare the results with those given by Samec et al. Especially, we carry out a more exact period investigation of this system, using all the available times of light minimum.
OBSERVATIONS
New CCD photometric observations of V1799 Ori in BV(RI) c bands were carried out on December 15, 2012 with the 1.0-m reflecting telescope at Yunnan Observatory of Chinese Academy of Sciences. An Andor DW436 2K CCD camera equiped in Cassegrain-focus was used. A standard Johnson-CousinsBessel filter system built on the primary focus (Zhou et al. 2009 ) was used. The effective field of view was 7.3 ′ × 7.3 ′ . The integration times for each image were 40 s, 30 s, 15 s and 10 s in B, V, R, and I bands, respectively. The stars 2MASS J04472543+0641432 and 2MASS J04472765+0638427 near the target were chosen as the comparison and the check stars, respectively. Their brightness and color are similar to that of the variable. The raw images were reduced with PHOT (magnitudes measurements for a list of stars) task of the aperture photometry package IRAF. Complete BVRI light curves were obtained and the original data of the light curves are listed in Tables A.1-A.4. The phased light curves are displayed in Figure 1 . The phases were calculated with respect to the following ephemeris,
The initial epoch in this equation is the averaged time of min I (see Table 2 , data with Hel. JD 2456277 ∼ ). Some information about the light curves are listed in Table 1 to describe their main features. By the way, more CCD observations of V1799 Ori were made on two nights in 2013 December with the same telescope. These data were obtained around the eclipsing times and were used to determine the times of light minimum (see Table 2 ). The light curves displayed in Figure 1 show remarkable O'Connell effects (different heights of light maximum, see O'Connell 1951a ,b, Milone 1968 ), which we should taken into account in deriving photometric solutions. The two deep eclipses of the light curves will help us to derive more reliable parameters of the binary. Using a least-square parabolic fitting method, the new times of CCD light minimum were determined and are listed in Table 2 . Notes: NA is the total number of data used to determine the times of light minimum.
ORBITAL PERIOD INVESTIGATION OF V1799 ORI
Times of light minimum are very useful material for the orbital period study of eclipsing binaries. Therefore, we collected all the available times of light minimum in the help of O-C gateway 1 . They are listed in Table 3 . Several times of light minimum from the INTEGRAL Optical Monitoring Camera (Alfonso-Garzón et al. 2012) Archive and ROTSE-I (Akerlof et al. 2000) are also listed. They are recalculated by folding the original data according to the period and applying a least-square parabolic fitting method to the eclipsing part of the folded light curves. The resulted times are actually the average times of light minimum for each group of data. The HJD times of the light minimum determined from the light curves observed by Samec et al. (2010) were reprocessed according to their observation time.
The collection of times of light minimum from literature or from reprocessed data are listed in Table  3 . The O-C values calculated with respect to Equation (2) are shown in Figure 2 along with the epochs (data with errors larger than 0.001 days were not used). Seen from upper panel of Figure 2 , the general 
Notes: ROTSE-I data can be retrieved in the NSVS database (http://skydot.lanl.gov/nsvs/nsvs.php). newp = Based on data from the OMC Archive at CAB (INTA-CSIC), pre-processed by ISDC, times of light minimum are newly calculated; reproc = data were reprocessed. 
The quadratic term in Equation (4) denotes a continuous period increase at a rate of dP/dt = 1.8(±0.6) × 10 −8 days·yr −1 . The residuals are also displayed in the lower panel of Figure 2 . As shown in this figure, a few data point are not fitted well. It may be caused by occasional factors which would impact the shape of the light curves and therefore the determination of times of light minimum, e.g. the occurrence of solar-like activities and the unstable weather conditions. Nevertheless, the general trend of O-C data is well described by the upward parabolic fit.
By the way, a revised linear ephemeris was calculated to be
which can be used as a preliminary prediction of times of light minimum.
PHOTOMETRIC SOLUTIONS WITH THE W-D METHOD
The light curves displayed in Figure 1 show EW-type variation and deep eclipsing feature in both minimum. We can predict a high orbital inclination of the binary system, which enables a reliable photometric parameter determination. To understand the geometrical structure and evolutionary state, the multi-color light curves were analyzed with the W-D method (Wilson & Devinney 1971; Wilson 1979 Wilson , 1990 Wilson , 1994 Wilson & van Hamme 2003) . The temperature for star 1 (the star eclipsed at primary light The solid line refers to the upward parabolic variation, while the the dash line refers to a linear correction for the ephemeris. Low panel: the residuals after the parabolic variation was removed.
minimum) was fixed as T 1 = 5000 K according to Samec et al. (2010) . This is reasonable because the 2MASS color index J − H = 0.448 and H − K = 0.089 given in VizieR database correspond to a K0-K2 spectral type according to Allen's table (Cox 2000) . The component eclipsed at the primary light minimum are usually the hotter one so that we adopted the same temperature as Samec chose. The gravity-darkening coefficients were assumed as g 1 = g 2 = 0.32 (Lucy 1967 ) and the bolometric albedo as A 1 = A 2 = 0.5 (Ruciński 1969) . Bolometric and bandpass square-root limb-darkening parameters are taken from van Hamme (1993). Mode 3 (contact model )was assumed during process of calculation. The adjustable parameters were: the orbital inclination i; the mean temperature of star 2, T 2 ; the monochromatic luminosity of star 1, L 1B , L 1V , L 1R and L 1I ; and the dimensionless potential (Ω 1 = Ω 2 for mode 3). A q-search method was used in order to get the initial input parameters. A series of mass ratios ranging from less than 0.3 to larger than 3 were assumed as trial values. Calculation were carried out with these mass ratios. The resulted sum of weighted square deviations (Σw i (O − C) 2 i ) along with mass ratios are plotted in Figure 3 . The smallest Σ was achieved at q = 1.3 (q = M 2 /M 1 ). Then, we treated q as an an adjustable parameter and chose q = 1.3 as the initial value. we treated q as an an adjustable parameter and chose q = 1.3 as the initial value and finally a set of converged solutions were obtained.
The obtained photometric solutions are listed in Table 5 (see column 2 ). However, the theoretical light curves obtained does not fit the observations very well because of the obvious asymmetry in the light curves. This is the so-called O'Connell effects. Therefore, we tried to employ star spots in the model. It should be noted that the spots would be cool spots, just like sunspots, or would be hot spots, which are hotter areas on the components. Since the masses of the components are close to each other (q = M 2 /M 1 ∼ 1.3), both of them may have the possibility of producing spots. To simplify the problem, we tried adding single spot on the binary system. Together with the non-spot model, there are five scenarios to compare, which are listed in Table 4 . The values in column 2 are the sum of weighted squared residuals for the best solution of each scenario. It could be seen that the sum of squared residuals of spotted models are remarkably smaller than that of Non-spot model. When finding the converged solutions, we noticed that these two kinds of cool spot models have the similar parameters. The same situation was found with those two kinds of hot spot models. Thus we adopted model 1 and model 4 to give detailed description. The parameters of model 0 (non-spot), model 1 (cool spot) and model 4 (hot spot) are listed in Table 5 . The corresponding theoretical light curves of these models are plotted in Figure 4 . We can see in this figure that the observed light curves are more perfectly fitted by the hot spot model which reveals that V1799 Ori is a W-type shallow contact binary system with a degree of contact of f = (Ω − Ω in )/(Ω out − Ω in ) = 3.5% ± 1.1%. The geometrical structure of the binary is shown in Figure 5 .
CONCLUSION AND DISCUSSION
The deep eclipses in both primary and secondary light minimum which denotes high inclination of the binary system help us to give reliable solutions of the system. Based on the complete BV(RI) c light curves, the photometric solutions for V1799 Ori were carefully derived. We found that V1799 Ori is a extreme-shallow contact binary system with a mass ratio of q = M 2 /M 1 = 1.335 ± 0.005 and a degree of contact about f = 3.5% ± 1.1%. It is a W-type system of which the less massive component is about 220 K hotter than the more massive one. The asymmetric light curves can be well modeled by employing a hot spot on the primary. Assuming that the primary component is a K0 type main-sequence star, its Table 4 ). This further confirms that the binary is highly active at present.
Based on the analysis of the O-C diagram (Figure 2 ), a general trend of long-term period increase at a rate of 1.8(±0.6) × 10 −8 days·yr −1 was derived. Although the period increase is insignificant (close to the error), it is no doubt a small one compared with other shallow contact binaries (see Table 7 in the paper Zhu et al. 2010) . This is in accord with the exceptional low degree of contact, which also agrees that the period-increased system usually have a lower degree of contact (Zhu et al. 2010) . The long-term period increase, together with the exceptional low degree of contact, suggests that the binary may be at a critical stage which is predicted by the TRO theory.
If the period variation is caused by a conservative mass transfer, then using the well-known equatioṅ
the mass transfer rate is estimated to be dM 2 /dt = 1.4(±0.5) × 10 −8 M ⊙ ·yr −1 . However, the real mass transfer rate may be quite different from this value because of the contribution of angular momentum loss (AML) process (Rahunen 1981; Qian et al. 2013 ). In addition, it is possible that the long-term increase may be only one part of a long cyclic oscillation. More observations are needed to clarify the nature of the period variation.
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